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Abstract: Many patient factors have been associated with mor-
tality from extracorporeal membrane oxygenation (ECMO)
therapy. Pre-ECMO patient pH and arterial carbon dioxide
(paCO,) have been associated with poor outcome and can be sig-
nificantly altered by ECMO initiation. We hypothesized that the
magnitude of change in paCO, and pH with ECMO initiation
could be associated with survival. We designed a retrospective
observational study from a single tertiary care center and included
all pediatric patients (age younger than 18 years) undergoing
ECMO between 2002 and 2010. Electronic records were queried
for demographics and clinical characteristics, including the arterial
blood gas (ABG) pre- and post-ECMO initiation. Bivariate anal-
ysis compared ECMO course characteristics by outcome (survivor
vs. nonsurvivor). Multivariable logistic regression was performed
on factors associated with the outcome in the bivariate analysis
at the significance level of p < .1. Odds ratios (ORs) and 95%
confidence intervals (95% CIs) were reported. We identified
201 patients with a median age of 10 days (range, 1 day to 16 years).
Indications for ECMO were: respiratory failure (51%), cardiac

failure (23%), extracorporeal cardiopulmonary resuscitation (21%),
and sepsis (5%). Mortality, defined by death before discharge,
was 37% (74 of 201). ABG data pre- and post-ECMO initiations
were available in 84% (169 of 201). Age, pH, paCO,, indication,
and intracranial hemorrhage were significantly associated with
mortality (p < .05). After adjusting for potential confounders
(age, use of epinephrine, volume of fluid administered, year of
ECMO, ECMO indication, and duration of ECMO) by multi-
variable logistic regression, the magnitude of paCO, change
(=25 mmHg) was associated with mortality (adjusted OR, 2.21;
95% CI, 1.06-4.63; p = .036). The decrease in paCO, with
ECMO initiation was associated with mortality. Although this
change in paCO, is multifactorial, it represents a modifiable
element of clinical management involving pre-ECMO ventila-
tion, ECMO circuit priming, CO, administration/removal, and
may represent a future therapeutic target that could improve
survival in pediatric ECMO. Keywords: extracorporeal life
support, ECLS, extracorporeal membrane oxygenation, ECMO,
pediatric, outcome. JECT. 2013;45:26-32

Extracorporeal membrane oxygenation (ECMO) and
other extracorporeal life support (ECLS) technologies have
evolved from their original clinical application as a therapy
for neonates with respiratory distress and persistent pulmo-
nary hypertension to the contemporary scope of support for
patients of all ages who fail maximal medical therapy for
respiratory or cardiac failure (1,2). Although survival from
neonatal ECMO remains relatively stable (ranges from
approximately 48% to 95% for selected neonatal popu-
lations), the Extracorporeal Life Support Organization
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(ELSO) registry shows an increase in use of ECMO in
pediatric patients with respiratory failure and cardiac fail-
ure with survival ranging from 32% to 50% depending on
the age and underlying diagnosis (2,3). This shift in ECMO
application from neonates to older infants and children
introduces a much broader range of pathophysiologic abnor-
malities with poorly defined risks and benefits (4,5).

Past clinical studies have focused on electrolyte dis-
turbances and alterations in oxygen-carrying capacity
(i.e., differences between patient and ECMO prime values
of pH, sodium, calcium, potassium, and hemoglobin) with
ECMO initiation in neonates (6). In older children, Mehta
et al. found that higher pH (pH > 7.2) before ECMO
initiation was associated with increased survival (7).
Although pH and other blood gas levels may be the result
of illness severity, some of these parameters are influenced
by clinical management decisions before and after ECMO
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initiation. For instance, permissive hypercapnia is a rou-
tinely applied ventilator strategy in pediatric and adult
patients with respiratory failure, resulting in an intentional
pre-ECMO elevation of arterial carbon dioxide (paCO,)
and lowering of pH, both factors that have been associated
with poor outcome (7,8). The exact relationship between
these pre-ECMO values and mortality is unknown. We
have observed significant decreases in paCO, on ECMO
initiation. Rapid changes in a patient’s paCO, and pH
could adversely affect cerebral blood flow and perhaps
contribute to increased neurologic injury and poor out-
come. Therefore, we hypothesized that the magnitude of
the acute changes in paCO, and pH with initiation of
ECMO could be associated with survival.

MATERIALS AND METHODS

Given the limitations of the ELSO registry regarding
arterial blood gas (ABG) data immediately before and
after ECMO initiation, we designed a retrospective obser-
vational study of consecutive neonatal and pediatric patients
on ECMO at the Johns Hopkins Hospital Children’s Cen-
ter pediatric intensive care unit from January 1, 2002, to
March 31, 2010. The study cohort included all patients
younger than 18 years who required ECMO for any indi-
cation. To identify all patients receiving ECMO during the
study period, we used our institutional ECMO database
that keeps track of all ECMO cannulation for administra-
tive purposes. These patients were then crossreferenced
with both the ELSO registry and the institutional elec-
tronic health records for ECMO initiation orders and
billing to make sure no cases went unidentified. During
the study period, there was an average of 25 (standard
deviation + 10) ECMO cannulations/courses per year.

Per institutional practice, patients were considered for
ECMO if the underlying illness was thought to be a revers-
ible process resulting in cardiovascular and/or pulmonary
failure. The primary ECMO indication was determined
based on the pediatric intensive care unit (PICU) attending
note on the day of cannulation as well as documented echo-
cardiogram reports (it is our institutional policy to obtain
an echocardiogram before ECMO cannulation outside of
extracorporeal cardiopulmonary resuscitation [ECPR]).
Respiratory failure was the primary indication if the PICU
attending documented it as such and the echocardiogram
pre-ECMO showed normal biventricular function in a
structurally normal heart. Cardiac failure was the primary
indication if the PICU attending documented it as such
and an echocardiogram pre-ECMO showed biventricular
dysfunction in an anatomically abnormal heart and/or
medical heart disease such as cardiomyopathy or myocar-
ditis. Sepsis was the primary indication if the PICU attend-
ing documented it as such and there were also documented

positive blood cultures at the time of ECMO cannulation,
thought to have led to septic shock refractory to maximal
medical therapy. ECPR was defined as cardiac arrest with
ongoing chest compressions during ECMO cannulation,
in which ECMO was used as part of the initial resuscita-
tion from cardiac arrest. The decision to initiate/terminate
ECMO, to adjust the ECMO flows, to manipulate anti-
coagulation therapy, sedation, and method of cannulation
were at the discretion of the clinical care teams after rou-
tine institutional protocols. All neurologic imaging (head
ultrasound and computed tomography) and neurology con-
sults were obtained at the discretion of the clinical care team.

During the time period of the study, there were no
changes in ECMO circuit configuration, management pro-
tocols or ABG monitoring. The ECMO circuit consisted of:
custom-packed 1/4- or 3/8-inch flexible polyvinylchloride
tubing with a silicone reservoir (Medtronic, Minneapolis,
MN); bladder box for pressure sensing (Johns Hopkins
Hospital, Baltimore, MD); a .8- to 4.5-m”> membrane oxy-
genator (Medtronic); a heat exchanger (Medtronic); and a
roller pump (Sorin Cardiovascular USA, Arvada, CO) (9).
Circuit electrolytes were analyzed and corrected as needed
per institutional protocol. During the study period, ABG
testing was done using a benchtop blood gas analyzer
(Radiometer ABL800 FLEX analyzer, Bronshoj, Denmark).
Per institutional practice, ABGs are obtained before and after
ECMO cannulation and then every 4 hours and as needed.

Demographic, clinical, laboratory, and survival data were
collected by query of electronic medical records and indi-
vidual chart review. The primary outcome variable was
patient survival to hospital discharge. The Johns Hopkins
Hospital Institutional Review Board approved this study and
waived the need for individualized consent (NA_00032434).

STATISTICAL METHODS

Exploratory descriptive data analysis was conducted to
examine patient and ECMO course characteristics. The last
and the first ABG values within 3 hours before and after
ECMO initiation, respectively, included: pH, paCO,, and
oxygen tension (paO,). The difference in pH and paCO,
obtained pre- and post-ECMO initiation were calculated
as: Delta pH = (last pH pre-ECMO - first pH post-ECMO
initiation); Delta-paCO, = (last paCO, pre-ECMO - first
paCO, post-ECMO initiation). Survivor vs. nonsurvivor
groups were created and compared by bivariate analysis
with regard to demographics and clinical and ECMO course
characteristics. Differences between the two groups were
analyzed with the Wilcoxon rank sum test for nonnormally
distributed continuous variables, Student’s ¢ test for nor-
mally distributed continuous variables and > test for binary
variables, as appropriate. Multivariable logistic regression
was then performed, controlling for potential confounding
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risk factors previously described (age, use of epinephrine
pre-ECMO, ECMO indication, year of ECMO, volume of
intravenous fluids received in the first 24 hours of ECMO,
and ECMO duration) (8,10-12). Multivariable logistic
regression was performed on factors associated with the
outcome in the bivariate analysis at a significance level of
p <.1(13). Odds ratios (ORs) and 95% confidence intervals
(95% CIs) were reported for factors that were indepen-
dently associated with mortality. All statistical analysis was
conducted using STATA Statistical Software: Release 11.0
(STATA Corp., College Station, TX).

RESULTS

All consecutive patients over the study duration were
analyzed and there were no major changes in our insti-
tutional ECMO protocols. There were 201 patients
(newborns and children younger than 18 years) who
underwent ECMO at our institution during the study
period. Median age of the study cohort was 10 days (range,
1 day to 16 years). Indications for ECMO independent of
outcome were respiratory failure in 102 of 201 (51%),
cardiac failure in 46 of 201 (23%), ECPR in 42 of 201

(21%), and sepsis in 11 of 201 (5%) with a median dura-
tion of ECMO of 5 days (range, 1-33 days). Overall mor-
tality was 37% (74 of 201). Adverse neurologic events
diagnosed by neuroimaging occurred in 49 of 201 (24%)
of patients. Intracranial hemorrhage (ICH) was diagnosed
in 34 of 201 (17%) of patients, 15 of 201 (7.5%) had cere-
bral infarction, and eight of 201 (4%) had a neurologic
examination consistent with brain death during ECMO.
However, the true prevalence of neurologic injuries in
survivors and nonsurvivors was unknown secondary to
the elective nature of neuroimaging.

Venoarterial ECMO was performed in 183 of 201 (91%)
patients without conversion from venovenous ECMO.
Demographic and clinical characteristics by survival are
presented in Table 1. The following variables were sig-
nificantly associated with survival by bivariate analysis
(p < .05): age, respiratory failure, pH (both pre- and
post-ECMO), paCO, (both pre- and post-ECMO), epi-
nephrine use pre-ECMO, and ICH.

Complete ABG data within 3 hours of ECMO initia-
tion were available in 169 of 201 (84%) patients. We
found a decrease in paCO, from the pre-ECMO ABG to
the post-ECMO initiation ABG in 147 of 169 (87%)

Table 1. Comparison of patient characteristics and ECMO courses between survivors and nonsurvivors.

Variable Survivors (n = 127) Nonsurvivors (1 = 74) p Value
Age, no. (%)
0 to <1 month 88 (69.3) 29 (39.2) <.001
>1 month to 1 year 24 (18.9) 15 (20.3)
>1-7 years 4(32) 18 (24.3)
>8-18 years 11 (8.7) 12 (16.2)
Male, no. (%) 66 (51.9) 35 (47.3) 523
ECMO indication, no. (%) <.001
Respiratory failure 75 (59.1) 27 (36.5)
Cardiac failure 27 (21.3) 19 (25.7)
Sepsis 9(7.1) 2(2.7)
ECPR 16 (12.6) 26 (35.1)
ECMO mode, no. (%)
VA-ECMO/CPS 114 (89.8) 69 (93.2) 405
VV-ECMO 13 (10.2) 5(6.8)
Epinephrine use before ECMO, no. (%) 72 (56.7) 53 (71.6) 035
Fluid administered in first 24 hours on ECMO (mL/kg) 242 (191-311) 269 (178-405) 115
ECMO duration (days), median (IQR) 5(39) 7 (3-13) 42
Intracranial hemorrhage, no. (%) 14 (11.0) 20 (27.0) .004
Arterial blood gas values
pH pre-ECMO, median (IQR) 7.34 (7.28-7.44) 7.26 (7.07-7.37) <.001
pH post-ECMO, median (IQR) 7.49 (7.40-7.57) 7.39 (7.21-7.48) <.001
Delta-pH (mmHg), median (IQR) 14 (.04-24) 13 (.05-24) .889
paCO; pre-ECMO (mmHg), median (IQR) 40 (34-54) 47 (37-68) .019
paCO, post-ECMO (mmHg), median (IQR) 28 (23-34) 32 (23-40) .034
Delta-paCO, (mmHg), median (IQR) 14 (5-23) 17 (5-35) .889
paO, pre-ECMO (mmHg), median (IQR) 63 (44-133) 74 (39-245) 424
paO, post-ECMO (mmHg), median (IQR) 293 (110-400) 279 (86-445) .943

Data are presented as median and interquartile range (IQR) unless otherwise indicated. Differences between survivors and nonsurvivors were analyzed

with the Wilcoxon rank sum test and y? test.

ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal cardiopulmonary resuscitation; VA, venoarterial; CPS, mode of cardiopulmo-
nary support for ECPR; VV, venovenous; IQR, interquartile range; Delta-pH = (last pH pre-ECMO - first pH post-ECMO initiation); Delta-paCO, =
(last paCO, pre-ECMO - first paCO, post-ECMO initiation); paCO,, arterial carbon dioxide content measured by blood gas; paO,, arterial oxygen

content measured by blood gas.
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patients, and an increase in paCO, occurred in 22 of 169
(13%) patients. The median delta-paCO, was 14 mmHg
(interquartile range, 5-26 mmHg). Percentages of mortal-
ity by delta-paCO, comparing those patients with <25 mmHg
to >25 mmHg alteration were higher in those patients
with a greater decrease in paCO, (p = .02, see Figure 1).
Simple logistic regression showed a significant association
between the magnitude of delta-paCO, at the time of
ECMO initiation and mortality (unadjusted OR, 2.18;
95% CI, 1.21-3.92; p = .01). After adjusting for potential
confounding factors (age, indication for ECMO, including
respiratory failure, cardiac failure, sepsis and ECPR, year
of ECMO, epinephrine use before ECMO, volume of fluid
administered in the first 24 hours of ECMO, and ECMO
duration), the magnitude of paCO, decrease (>25 mmHg)
was significantly associated with mortality (adjusted OR,
2.21; 95% CI, 1.06-4.63; p = .036). Bivariate and multi-
variable logistic regression results for all significant vari-
ables are presented in Table 2.

DISCUSSION

Extracorporeal membrane oxygenation support is increas-
ingly but inconsistently used across ECLS centers for
children and adults. Institutional differences in ECMO prac-
tice and patient selection have resulted in variable survival
rates for ECMO programs (14-16). In this heterogeneous
study cohort, our institutional survival to discharge rate of
63% was inclusive of all age groups and ECMO indications.
Survival was significantly associated with age, epinephrine
use before ECMO, ICH, pH, and paCO,. When controlling
for known confounding factors, the magnitude of change in
paCO, at ECMO initiation remained associated with mor-
tality. Furthermore, mortality was highest in those patients

% Mortality

<25 225
Delta-paCO2 (mmHg)

Figure 1. Mortality and the magnitude of arterial carbon dioxide
(paCO,) decrement caused by the initiation of extracorporeal mem-
brane oxygenation (ECMO) support. The percent mortality for delta-
paCO, greater than and less than 25 mmHg is shown, demonstrating
a significant increase in mortality with the greatest paCO, change,
p = .02. Delta-paCO, = (last paCO, pre-ECMO - first paCO, post-
ECMO initiation).

Table 2. Bivariate and multivariable regression analysis for

mortality.

Variable

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Delta-paCO, (mmHg)

Age
0 to <1 month

>1 month to 1 year

2.18 (1.21-3.92)

Reference
1.89 (.88-4.09)

2.21 (1.06-4.63)

Reference
1.26 (.49-3.21)

>1-7 years 13.7 (4.27-43.6) 12.9 (3.56-46.9)

>8-18 years 3.31(1.32-8.30) 3.25(1.07-9.88)
Indication for ECMO

Respiratory failure Reference Reference

Cardiac failure 1.95 (.94-4.07)  1.76 (.67-4.61)

Sepsis .62 (.13-3.04) 48 (.08-2.87)

ECPR 4.51 (2.11-9.68)  3.46 (1.22-9.79)
Year of ECMO .83 (.73-94) .83 (.72-97)

Epinephrine use before ECMO
Fluid administered in first 24 hours  1.00 (.99-1.00)
on ECMO (mL/kg)
ECMO duration (days)
Intracranial hemorrhage

1.93 (1.04-357)  1.71 (.79-3.68)
1.00 (.99-1.00)

1.03 (99-1.07)  1.05 (.99-1.11)
2.98 (1.40-6.37) 2.23 (.89-5.59)

OR, odds ratio; CI, confidence interval; ECMO, extracorporeal mem-
brane oxygenation; ECPR, extracorporeal cardiopulmonary resus-
citation; Delta-paCO, = (last paCO, pre-ECMO - first paCO,
post-ECMO initiation); paCO,, arterial carbon dioxide content; Ref-
erence, reference group for age and indication for ECMO analysis.

with the greatest magnitude of delta-paCO, (225 mmHg)
during ECMO initiation in our study cohort.

Pre-ECMO variables such as younger age, better oxy-
genation status, and shorter courses of mechanical venti-
lation before ECMO initiation have been associated with
improved survival (17-19). Studies of institutional experi-
ence with ECMO in patients <1 month of age with respi-
ratory failure have demonstrated 75% survival to hospital
discharge, whereas survival from cardiac failure was 39%
(16). Older infants and children have a reported 56%
survival from ECMO for respiratory failure and 48% sur-
vival for cardiac failure (20-22). In our cohort, the major-
ity of survivors were younger children with respiratory
failure (59%), whereas the nonsurvivors tended to be
older children divided among respiratory failure (37%),
cardiac failure (26%), and cardiac arrest with sup-
port (35%).

ECMO support is associated with a high risk for brain
injury, including ICH, brain infarction, and brain death.
Neurologic complications were prominent in those who
received neuroimaging (n = 49). Intracranial hemorrhage
detected by neuroimaging was the most prominent neuro-
logic complication of ECMO in our cohort, affecting 11%
of survivors and 27% of nonsurvivors in this study. The
impact of ICH on survival was prominent and agreed with
other ECMO outcome studies (8). Acute neurologic injury
occurs in 22% of patients undergoing ECPR compared
with other indications for ECMO (23). In our study, inclu-
sion of patients undergoing ECPR in our analysis could
partially explain the higher rate of ICH. Furthermore,
patients who did not receive neuroimaging (n = 152) may
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have had ICH or infarctions that were unrecognized and
could have occurred either before or during the ECMO
procedure. Whether these injuries were present before
ECMO initiation is unknown because there was no stan-
dardized protocol for timing of neurologic imaging or
formal neurologic assessment.

Measured pH on ABG before and after ECMO initia-
tion was significantly higher in survivors. However, pH
and delta-pH were not associated with survival when con-
trolling for confounding factors. Low pre-ECMO pH has
been reported as an independent predictor of survival
(7,24). As speculated in these studies, low pH can be
attributable to worsening metabolic acidosis from poor
oxygen delivery and organ perfusion in the period before
ECMO initiation. Future studies are needed to better
evaluate the importance of the relationship between pH
and ECMO outcomes.

Hypercarbia and pre-ECMO elevations of paCO, have
been associated with poor outcomes from ECMO. Studies
evaluating paCO, values with ECMO have demonstrated
pre-ECMO elevated paCO, (>50 mmHg) to be associated
by univariate analysis with ICH in neonates rescued with
ECMO (8,10). In other studies of pediatric ECMO, dura-
tion of mechanical ventilation and serum pH less than
7.29 before ECMO initiation have been associated with
increased mortality (11). There is no clear mechanism
for elevated paCO, to “actively” contribute to increased
mortality except through the physiologic effect of paCO,
on the brain. Although neurologic injury in our study
cohort was not significantly associated with alterations
in paCO, by multivariable analysis, the potential for
large-magnitude changes in paCO, to negatively impact
cerebral blood volume and flow could provide a poten-
tial mechanism for nonsurvivable neurologic injury with
ECMO initiation. Our ability to demonstrate this rela-
tionship was limited by the inconsistent acquisition of
neuroimaging by the clinical care teams in our cohort.
Animal studies of sustained hypercarbia demonstrated
an increase in cerebral blood flow that returned to base-
line over a 24-hour period as the pH of cerebrospinal
fluid (CSF) normalized (25). Immediate restoration of
normocarbia in patients at the initiation of ECMO has
not been shown to cause cerebral ischemia or intracranial
hemorrhage. However, if these associations between
ABG measurements and outcome reflect the severity of
illness prompting the application of ECMO, then there is
no evident ECMO strategy to improve outcome. Alterna-
tively, if these associations occur because of sudden and
harmful changes in the pH of CSF, then strategies to intro-
duce ECMO with a goal of controlling paCO, alterations
warrant investigation.

In both the survivors and nonsurvivors, the directional
change in delta-paCO, was predominantly a decrease
between the pre- to post-ECMO initiation ABG. This sug-
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gests higher pre-ECMO paCO, at our institution and most
likely represents adjustment of ventilation to normocarbia
or hypercarbia in caring for patients with respiratory fail-
ure. Other centers still practicing hyperventilation for
neonates with persistent pulmonary hypertension or dia-
phragmatic hernias before ECMO may find a different
result than the one presented here. In animal models of
prolonged hypocarbia, cerebral blood flow is decreased
for several hours before normalizing. Sudden restoration
of normocarbia in these animals causes a sustained and
apparently pathologic doubling of cerebral blood flow (26).
Based on these animal studies, it is possible that paCO,-
mediated changes in either direction could result in neu-
rologic injury.

Although pre-ECMO ABG findings may be the result
of disease severity or issues of failing hemodynamic or
respiratory management, our institution had no consistent
strategy to match ECMO circuit prime characteristics to
these patients’ paCO, before ECMO initiation. Even within
a single institution, during the study period, we did not
routinely adjust the prime to minimize changes in pH or
paCO,. There are numerous potential clinical strategies
to minimize paCO, alterations with ECMO initiation that
could mitigate the observed changes in paCO,. Since the
end of this study period, we have been balancing the
ECMO priming solution to match a patient’s ABG in both
pH and paCO,. In addition, in-line continuous blood gas
analyzers are available that could facilitate correction of
serum pH at a controlled rate during the initiation and
maintenance of ECMO. Additional manipulations of CO,
clearance control on ECMO can occur with adjustment of
either the oxygenator sweep rate or the concentration of
CO; in the sweep gas mixture as long as safeguards against
hypoxic gas mixtures are in place. Combining CO, and pH
regulatory mechanisms on ECMO could provide oxygena-
tion and cardiac output augmentation in this way without
altering the patient serum pH. Future studies are needed
to confirm the time course for lowering the paCO, to
demonstrate that it is feasible. One review of ECMO prac-
tices has suggested a correction of paCO, over 24 hours (27).
This recommendation is consistent with data from rabbits,
showing that pial artery diameter returns to normal 20—
24 hours after an abrupt and sustained reduction in paCO,
(28). Although speculative, these approaches could be of
value in reducing neurologic injuries and improving survival.

Our study has the limitations inherent to the retrospec-
tive design and single-center experience. Although our
findings reflect our institutional practice, they may not be
generalizable to other ECLS centers. Blood gas data in the
ELSO registry are difficult to differentiate between source
(i.e., patient vs. ECMO circuit), whether the samples are
venous or arterial, and the exact time of sample acquisi-
tion relative to the initiation of ECMO. Currently, the
ELSO registry does not assess delta-paCO, with ECMO
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initiation, although this could be added to the database
and would allow multi-institutional evaluation of our find-
ing. Although the course and outcome of those patients
who had similar diagnoses but did not receive ECMO
are relevant, this is beyond the scope of our study. How-
ever, unlike other factors (pre-ECMO and patient-specific)
associated with outcome from ECMO support, we have
identified a potentially modifiable factor that could be
monitored and controlled during ECMO initiation. A
stronger case for the relationship of paCO, alterations
with survival would have been made if an association
between large delta-paCO, and acute neurologic injury
had been demonstrated. However, our retrospective chart
review is unable to test this association given the inconsis-
tent application of neuroimaging in this cohort of patients
on ECMO. Future studies could confirm our findings in
other cohorts and at other ECLS centers.

CONCLUSION

ECMO is an important support option for pediatric
patients with refractory respiratory or hemodynamic fail-
ure. Our study has demonstrated an institutional survival
rate of 63% from ECMO therapy and found improved
survival was associated with smaller changes of paCO, at
the time of ECMO initiation. The association between mor-
tality and paCO, decrement was greatest in the highest
quartile change of paCO, by multivariable analysis con-
trolling for other factors associated with death in the
setting of ECMO. Although our findings need to be pro-
spectively validated in other cohorts, they have implica-
tions for the development of ECMO priming and sweep
strategies that would focus on minimizing an individual’s
changes in paCO, with ECMO initiation.
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